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Observations of the Delayed Gamme

a Tuncticn of Time in Tebsts ABIL and BAKER

SULary

The intensity of gamma radiation in testa Able and Bake
reasurcd by an ionivt' on chanbcr recording \,n_np cnt over
from onc sccond to several hours after the
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intensity attributable to the rcturn of figsion product
of the ships as rain and mists In this ca L.hc um,
from 8 to 20 minutes. A high depree of lo ;
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Introduction

Our knowledge of the gamma ray phenomenon associatced with atomic
bombs showed some gaps a somg ¢ when the Able and Baker
shots were being planncd. We eci
the usual gamma ray film measurcments at the Crossroasds operaticn with
gamma ray timc measurcments. The purposc of thesc latter was to give
information on the contribution to the gamma ray dese from such various
factors as (1) dircet radiation from tho fission product cloud, (2)
ship conteminaticn, (3) watcr-bornc contamination, (4) wind-borne
contamination. Information would also be obtaincd on the possibility
of teking cvasive sction from the rediation and, should the local
contamination be strong, the time rccord might supply a kcy to the
intcrpretation of the film rccords.

Exporimental

A

la General

An cxperiment of this kind rcquiring measurcment of a time
varying quantity on a numbcr of isolatcd and widely distributed ships
scems to fall inte two patterns involving cither the large cffort with
gamma ray detcction on the ships and radio transmission of data to a
remotc rocording station achicving perhaps microsccond rcsolving power,
or thc smaller cffort with rather simple completely sclf containecd
rccording units, nccessarily battery operated, of morc modest performence.

Timc for preparation was such that strict simplification of cven
the sccond procedure was neccssary. Reguircments werc sct ati-

(1) No film recording, because of risk of fogging.

(2) Avparatus not primarily dependant on triggering by
radio signal.

%)  Apparatus capablc of remaining in a rcceptive state
P P E

for several days in order to be &ble to tolerate

a postponement of firing day without rcscrvicing.

(4) Protcction from blast, ship motion and tropical humidity.
(5) - Ability to rccord a wide range of gaiuz intonsitics.

The rcsulting apparatus, illustratcd in Mig.2, is in csscnecc an
ionization chanber which, via an amplifier, activates in a manner
proportional to the logarithm of the gamma ray intensity the pen of
a recorder which writes in ink on a chart driven by clockworks. The
chart is advanced at the slow rate of 1/10 inch per minute with cnou
chart to run for 7 days. In its final form a radio triggering
cquipment introduced a 6C fold improvement in resolving power W
sacrificing reliability, by actuating a change speed mechanism inersase
ing the chart speced to 6 inches per minute and giving 2 total running
time of 3 or 4 hours. The cquipment wes cncloscd in an airtight Dural
drum and mountablc by a single point suspension.

2 The Chanlber

These were of a type designed for clectron collcction. They had
a 3 inch diamctor 12 inch long brass tubular cnvelope and a 15 mil
central wire clectrodc passing through hermctic scals with guard rings.
The chambers werc filled to a total pressurc of 3 atmosphercs with
argon + 2% CO,s Those chambers were found to te very reliablc and
similar in their prcoprtics, doubtless on account of the long cxpcricnecc
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and oroduction methods used in their manufacture. dlpﬂ tcnsion supply
t 2,000 V was supplicd from a specially madce compact dry battery (W3).
clectrical properties of the chambers arc described morc fully in
Pigsse 3, 4, and 5 and undcr "ecalibration".

D The Amplificr

From calculations of the gomma ray intcnsitics cxpccted the
maximunm intensity to be reocorded was sct at 100,000 R/hr. and the
minimum, cstimated to bc a safc backpround intensity for inspcetion and
recovery, at 1R/hr, giving a ratic of 10°  This, togcther with the
known chamber sensitivity, sct thc amplificr rcequirement as an input
range from 4.1071°A to 4.,107°%A with an output from O to 3 m.a. through
a rcsistance of 1,400 ohms. We are indcbted to Dr.R.Watts who was able
to develop for this work a battery opcrated D.C. amplificr having very
satisfactory logarithmic propertics. This amplificr (FPig. 1a) con-
sisted basically of a high 1n%ulat10n cathode followcr (959) uscd in a
well knovn circuit fecding into a two triode balanced bridge circuit
which devcloped the required power outputs

The input signal to thc cathode follower consisted of the potential
developed by the ionization current across the variable anode cathode
rcsistance of a miniaturce triodc, V32. This rcsistance was lowcred as
the input signal increascd by connecting the grid of the V32 to the out-
put of thc cathode follower. The cffcet of this dircet currcnt
negative feedback was to give an amplificr sensitivity which dcercascd
with incrcasing signal input in 2 manner dependent on the propertics of
the impedance tube, its bias and the operating conditions of the 959
cathede follower. In our casc, when the logarithm of the current input
was plotted agalnmt the output deflcection, a satisfactory S shaped curve
wes obtained covering an input range of 5 decades. At first the
amplificr scnsitivity was found to be too high for small signals and it
was found possible to adjust the initial scnsitivity to a convenicnt
level by shunting the V32 impedance tube by a 1.5 x 10°chms. resistance.

Since the amplifier output is in terms of the logarithm of a
currcnt the amplificr could not be tested by e voltagc generator and a
currcnt signal gencrator was thercfore designed, known as the initiation
chamber (Fig. 1b) which proved to be a grecat convenicnee in testing.
This, consisting of a 250 V battery potentiomcter and a sot of high
rcsistances, provided graduatod currents in roughly cqual steps of log i
from 1 to 25,000 x 4 x 10° ampcros.

4, Recorder

1t was important in selecting the recording instrument to take
account of the cffect of the wunderwater shock transmitted thro the
ships! structurc and of the violent pitching cxpceted due to wave and
blasgt effects from the bonb. Of the many types of instruments
recording on paper some, using cleotro=chemicsl or hot wire stylus
rcecording methods and free from ink spilling difficulties, werc not
procurable in time, while others uscd robust potcntiometric balancing,
c.ge Micromax, but required alternating current main powcr which was
not cxpccted to be available. The greateor part of the available
battery space for the recorder was found to be taken up by the rccorder

i ﬂ - % elel o
driver stage roguirements, s¢ that ceonomy in the power uscd by the

recorder movement was a consideration. A high sensitivity Esterline
Lngus movement roquiring 1 mea. full scalc proved to be too sensitive
to pitching and rolling of the kind expccted on shipboard. At the
suggcation of the makers a restoring spring of incrcased stiffnoss

was adopted in such a movement, which reduccd the currcnt scnsitivity
to 3 reae. full scalc and the period to 0.2 scconds. This modificd
movement was found by experiment to be very inscnsitive to the antici-
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pated pitehing and rolling, whilc the battery requirements romained
4 ",._,-)pt.:blu_, limitse.

and lounting

Sl accommodate the foregoing equipment inside a
eyl inder of inchcs Jl&ﬁctur and 39 inches length. The cquipment
Was mounT d on a rick bolted to = top plate; a % inch thick dural can,
was xrr“ngfl to cne ﬁau the equipment and form an
tlgbf scal w1th ubbmr asket & top by a contrivance (Flg.B )
m1izr to the 1lid of SOIG C Surc cookcra

The suspension was formed from stecl bar having a hinge allowing
swinging in all dircctions in a horizontal plance The dircet tra
migsion of shock down the suspension was reduccd by interposing a la yur
of rubber betweon the surfaccs of the hinge so that there existed no
motal to metal contact between the two nnr&ﬁrq across thc hinge. an
additional feature was the adoption of a lead strip spanning the hinge
which, being flexed plastically by bcndlng at the hinge, providced
damping. This lead link was found to have worn out in some cascs after
the ABIL test, showing that much oseillation cnergy had been absorbed.

Change Specd Control

he change speed on the clock was actuated by the movement of
small lcver. This lever was rctained in thc slow spced position by a
fine stecl wirc link held in tension by a spring. When the rclay
contacts closcd in the radio unit 18 volts werc applied to the steel
wirc which fuscd and allowed the lever to move over to the high speed
position.

Te Calibrations

Using the signal gencrator of Fige.1b, the current sensitivity of
the ?:@llflbrs was adjusted end calibrated at 25 points covering the
rangc 4.,10719L to 107°A, corrcsponding to an anticipatcd range on the

chamber of 1 to 25,000 R/hr. Speeimen curves for units Nos. 11 and 10
arc scen in Figs. 3 and 4. In order to minimise correction for battery
decline such a curve was run on cach unit in its ship installations
12 hours before the shot and, when possible, a similar rccord was made
on cach unit on rc-cntry after thc shot. After BLKER, in sOmec cascs,
the background contamination on the ship made it advissble to postpone
these final calibrations until the wnit had been removed and returncd
to tho laboratory ship in order to kcep the dosage of the opbrqfors
within the lcgal gamma dosc of 0.1 R per day. By rcofcrence
previpusly preparcd curves of amplificr scnsitivity ageainst time, a
small corrcetion for battery declinc owver the 12 hours intcrwval between
calibration and firing was applicd.

Radistion Calibration

in accurate calibrabtion at onc intensity., 5.75 R per hour,
made on cach complcted unit using a 2 gram sourcc of radium and
a dircct comparison in cach casc with a standard Victorcen ch:
mounted in o position as c¢loscly as possible coincident with the
ionization chamber of the unit. The results of this showed that the
chambers werc, within the experimcental crror, slike; all variations
from unit to unit, amowntdng to about 2(%, werc sccountable from
variavions in the proviously made amplificr scnsitivity curvos. In
addition tec the above a calibration was madc on onc wnit up to
100 R/hour with 2 gm. radium and using an inversc squarc law method.




tion curves
anc the
high
opmcnt arosc
ntensitics were
3 ¢xurapolation
,hr. ‘Ll.!__.l e 1(L,' 0\.0 F{/l'lr't
tification of
- .:,i-:: ABIE and Fr‘ 5
higher collecting fields and e To do this,
contral 15 mil wirec was r ed by & 17 inch diamcter eylinder and
gas pressurc roduced from 3 to 1 etmosphercs of 4L + %5 C0zs  Tho
was to install th s¢ chambers. having morc lincar characteristics,
side normal chambers at selccted points in test BAKER, in order to
obtain a check on the calibration of the normal chambers at high
intan%itios. Tke basis for the original misgivings is plainly sccn to
be Justificd fromLflr. 5, in which at 77,OC£-Q/hr. Lhc normal chamber
sensitivity is scen to hawe declined by a fact i )

?cwcvcr, the twin installations of normal and special chambers in
tcst BLKER provide a convenicnt check on experimental accurscy as both
typc_ of chamber being calibrated, the two records obtaincd should yicld

dentical intensity time curves. The cxtent to which this is truec is
scen in Fig.7 where, on the curve for the LPL 701 qmmr installation which
is such a twin, the points from both rccords are scen to lic closc
together. Another featurc of this twin rocord is that the cffects of
ship motion on the recorders must have been small sincc they were

nounted in such a way that the two recorders would have been affected

dissimilarly by rolling and pitching Only one such twin rccord was
obtaincd although two twin installations wore medc; the normal wnit of
the other pair gave no rccord on account of an ink failurc.

e

Clock Calibration

The chart spceds of all the recorders werc checked ¢ t low and high
speceds and found to be within 5% of rated wvalues cxcept with nearly run
dovn springs. This latter rcscrvation does not cffecet any of the
uscful parts of the records cbtained in tcsts LBIE and LHF"R.

Installational

1 Test LBLE

In general the plan for LBIE included installations

distances from the target point on an E-W linc up and
burst. The units were not intended to x1+nMVHn1 the
pressurc from the bomb tt ‘PCT’tiIR iis 3 and were,

always installed cnts Thes ‘ﬁ"“fiﬁns Vi
chosen to have as far as p S&lbiu ¢15ht E :
between the unit and the bomb. In fact, thoc
detonation in LBIE increascd the scrcening in ”r;% €8
on the Pensacola and Nagate. L deep inat 12
below deck installation on the APL 69, 1 int

screcening effects, but this ship was sunk.

nstallational data for ABILE is given in
2. Tost BLKER

Profiting from thc lcssons of test Bl instxl;mtio g in Bl
were modified to reduce the uncertainty o ceni In the down-
wind /P. upper locations units were pla:’- 3 or \hrl in the bows
iscey in the part of the ship ncarcst to pomb, in order o
minimisc screcning by heavy ship 'TChiLufy- b a deop insta




contamine

Chi-24. Cruiscr. Lrproxime bcaring of bomb with r
ship, 150 de
Horizontal
Upwind from bomb.
ent A -203-3L. )
: screening - 2 barbet
controlled unit

Heavy Battleship. spproximate bearing of bomb with
r&.spc,ct to ship, 180 degrecs.
Horizontal distancc from bonb. 850 yards
Upwind from bomb.
In starboard side of after towcr on 1
number 190
Estimatcd screccning - tower menbers 3 inch - 6 inc
Radio controlled unit

APL 70 Troop Transport. Approximatc bearing of borb
Carterct to ship, 190 dcgreces. \
Horizontel distancc from bomb. 1,700 yards.
Upwind from bomb
In after troop berthing compartment nurber 1-1
c=2C1-L on centre line ;
Estimated screcning - oblique bulkhecad
% inch steel.

LPA 68 Troop Transport. Approximate beering of
to ship, 90 decgrces.
Horizontal distance from bomb,
Downwind fro I
Installation APA 7O
Estimated sertening - bulkhcads and pipes 1
2 inch steel.

Table 2.

Installational Dat 3t BAKER

F il T 4T Troop Transport. Bearing of hbom not k
Crittenden Horizontal distance from bomb, 1,700 yare
i D-:ﬁ.l’nwin-i from bomb
1 forward Troop Head. 1-17-1 s — 1021-L port side
.;:,stllr-_z.'l:o.. screcning inch - 2 inch steel

Radio controlled unit

Troop Transport. Bearing of bomb - not known but ahcad
Horizontal distancc from bonb, ;,2b6 yards

Downwind from bomb

Same location as above

Estimated secrccning - 1 inch - 2

=

Je




(C C‘n*:rlj

Forwerd GSK stores. 9 foot below water
Uncontrolled unit.

Table 3.

Total Gamma Ray Dosages and Comparison wi

A =,

Test ABILI

Ship Pensacolsa | Nagato | APA 7€

Distance from bomb in yards 750 B850 170C

Total dose in R by integration
of our I(t) curve, using theory
for 0-2 sec.

Open a2ir dose as calculated from
radiological film results (Dessauer)

| i
|Pactor: Outdeoor film dose
cur dosc

Calculated screening thickness of
iron for sbove attecnuation taking
1/c thickness as 1.5 inch.

Approximate actual screening in
linches Fo ¥

Intceerated Total Gamma Ray Dosages and Comparison with Film tcsults

Ship

Distance from bomb in yards

Total dose in R by integration of our
I(t) curve. No theory and ncglceting
gmall initial burst

Total dose from accompsnying radiclogica
films (Dcssauer

Total outdoor dosc in R.

Dutdoor doso/our dosc

Calculated scrcening thickness of iron
for above attonuation taking 1/c
| thickness as 1.5 inch




with Film R

st records werc

obtained, yiclding the 8 ,;” in Fig The missing
rccords arc acccuntable as fti1Cfb - two by } ¢ ¢ rccorder
damaged shoc one loss by battery failure) 3 all four rccordcrs
the redio 0l was successful. using the putative minus 20 sccond
time %Lonai which actually turned on the units at mi
B nade subscquently showed that this e

srt to rcach full spced beforc detonation.

controlling
a timo const

the records

In gencral the records show a rapidly falling
for the first twenty scconds followed in the casc
ships, by an abrupt flattening out to a
lifc of 5 minutes. The carly part of the cur:
of small amplitude with sbout the same time peri
shipse fs it occurs too carly to have been produc
may be duc to the motion of the ships vr“iu“pi b&
motion would introducc variations !
points in the oscillation.

The most uncertain factor
screening by the ships and the
screcning arc approximate, bein
rulcer measurements on the
in test ABIE resulted in the
turrets being interposed bet
a steccl tower structurc of unccertain thi £: The heavy screcn
on the Pensacola at 750 yards is s a Ffecetive in r;i””ing the
intensity obscrved therc below that

ik
il

Recsults

2. Tcst BLEER

From the nine installations madc for
obtaincd, yiclding the final results
(TFC fivc missing rccordg are ﬁgccunt'
which sank bcfore being clcsrcd by R
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sunk; one on Crittenden,
Both radioc contrels

wral the

how that the . gamna ra
211 the dose i G BI1 e 1 1d made
contribution to the total dos The re ds all showed = imun within
the first two minutcs, which was as'low as C 5 R/hr.
3200 yards, followed by a slow ri and flat maxirmum
order of 200 R/hr. in magnitudc rroceding low decl

below 10 R/hr. after 2 hours

It is noteworthy that when ships were bosarded four days aftcr BAKER
Day, although the gamma ray contamination lcvel on deck was 0.25 - 0.5

R/hr. on Certcret and 1 to 1.5 R/hr. on Crittenden, immcdiately below
deck, the gamma ray contemination was only 0.1 R/hr, or do=s

where infiltration had taken place, « pool of water lodged in a
depression on the deck of the Crittenden had 7 - 3 R/hr. on BAKER + 4
day.

Conclusions

By assuming that the main origin of thc observed garma radiation is

of delayed gemmas from thc fission products of the bomb,

which bchave as a point source rising in the ball of firc, together with
a knowledge of the air absorption co-cfficicnt of the radiation, it is
Possible to calculate an intensity-time curve. Such a curve was
calculated for cach of the four distances in tost B, using the results
of delayed gamma measurcments on fission products madc in the laboratory
(Li 250) and Dossaucr's air absorption co-cfficicnct obtained from the
LBLE film data. In this way, four curvcs arc obtainced which C
wcll in slopc with our cxperimental observations from 4
2C scconds, (curves so calculated lic from 60 to W i
magnitude than the obscrved curves on account of the negl
by the ship). This screening is not known very well, egpecially
attempts were made to cstimate i, reasuring with ruler and tape,
difficulties were always encountered with highly variable absorbing
objects such as pipes and winches, which could vary the result by a
factor of ten.

It sccms possible to go some way to avoid this difficulty by making
usc of the Rediological film data in the following Waye

In tcst BLKER, by which time better liaison had become established,
Radiological films werc placed in coincidonecc with the ionisation
chanmber on some units. Intcgration of the gamma intcnsity - time
curves obtained from such units gave total doses in good agrcement with
the indepondent measurcments madc by the Rediological Safety Scetion on
the films (Table 4) so that it bacme clear that the two mcthods were
giving consistent rcsults.

Since the slopes of the theorctical intensity time curves were in
good agrecement with cxperiment over the intcrval 1 - 20 scconds, it was
decided to trust the theory in the interval from o - 4 sccond, so that
1t became possible to obtain a figurc for the total dogg) [Y T(H) dt,
by using the theory to £ill in the gap from o - 1 scecond jﬁ not recorded
by the units. The resulting total doscs arc tezbulated in Table 3 and
arc sccn to be less than the outdoor f£ilm doscs by a large factor,

This factor is taken to be the attcnuation factor for tho ship screcning
which, cxprcsscd in torms of inches of iron using a mcan frce path in
iron of 1.5 inchcs, is secen to be in the rogion of the cstimated actusl
ship screening. The use of the resulting attenuation factors in
conjunction with the theorctical outdoor intensity—time curves is scen
(Fig.9) to bring the theory into fair agrecrent with cxperiment ABIE.




. In 2dditicn to the rapid fall in gamma ray intensity in the initial
Zarma ray burst discussed above which continues right down to very low
values in the two more distant ships, there is 2 sudden trailing off on
the nosrcr-in ships, at 2U seconds after doctonation,to a lower rate of
decay of half lifec about 5 minutes. The presence of this cffcct on the
nearcr-in ships and zbscnce from the far-out oncs suggests that it ariscs
from neutron induced activities, though this hypothcsis mccets with a
difficulty. The magnitudc of this effect on the two ships appears to
be in seale with the gamma ray intcnsity which is attenuated much more
on the Pensacola (~ 77 times) than on the Nagato (~ 10 times) . However ,
a neutron induccd radiation on account of the diffusion propertics of
slow noutrons would not be collimated but could rcach the chambeors
latorally, where the screcning in both cascs is mich lcsse. Hence, if
the 5 minutc decay wore slow neutron induced, it would be cxpceted to be
proportionately much higher on the Pensacola unless soms local vagery

of distribution of the ncutron capturing material introduccd a compen-
gating cffect. On the whole, this neutron hypothesis scems thereforc
unsatisfactory and a better explanation lics in assuming 2 tail of
garma-cmitting fission products left behind by the ball of firec on the
ncar=in ships.

Tn the BAKER rocords (Figs. 7, 7b) the initial burst of rediation
snalogous to that in ABIE is quitc smell in megnitudc. In the caso of
the distant Certcret at 3200 yards the intensity falls rapidly as in
LBIE to a low valuc at 40 - 5C seconds, riscs steadily to a maximum at
5 minutecs and then declines slowly.

It scoms straight forwerd to explain the risc after thc first
minutc and subscquent decay in terms of a high local concentration of
fission preoducts brought in the descending rain and in the rolling
cloud of spray which sprecads out from the base of the plurmc. Thesc
fission products then decay end rcmove themselves by settling into the
sca and diffusing down through the sca watcer.

It is interecsting to speculatc on the mcenings of the above-and
bolow=-watcrline rcadings on the Carterct. The two rccords arc closcly
similar in tho shapos and timcs of their rocorded maxima, the beclow-
weter line rccord not lasting so long nor rising so high end having
about half the total dosage of the upper location record. The locations
are almost verticsally onec sbove the other, about 40 fcct and 5 stecl
decks apart. Thore is a flat deck a fow feot above the upper location,
so that it would be affccted by deck contamination by somcthing like an
order of magnitudc morc than thc lower. It scems likely, thorcforc,
that ship contamination is not the main factor in the doscs, but that a
large proportion of it originates from fission products in the surround-
ing mist and on the water surfacc. The slight sccondary maximum, on
the underwatcr record after the main maximum, which is absent on the
upper location rccord, is suggestive of somo dovmward diffusion of the
figssion products through the water, past the unit.

The Crittonden instrumental rccord (1700 yds.) cbtained in BUKER
gives cvidencc of very strong vibrations lasting about ten sceconds, The
pen being in rapid motion end producing a scrics of dotss Thore is
n similar weaker cffect on the Carterct rccords starting at % sccond.
The underwater shock must have caused this and the small minimum on the
Crittenden curve at <% sccond is probebly instrumental from the same
causc. Therc appcars also a marked oscillation on this curve at
70 scconds, corrcsponding to the expccted time of arrival of the first
watcr wave from thc cxplosion.

By plotting the intcgral of thc LHLE and B.KZR curves up to time
t as & porcentage of the total integral (Fig. 9) onc obtains a curve
which shows the percentage reduction in dose resulting from dodging
behind & strongly absorbing shiclé. . bout half the total dosc is

O




obtained in the first sccond in ABIE, so that very prompt action would
be necéed to reduce the dose of say 200 R at 1,500 yrrds in ..BIZ to

100 R« The strong shadow produced by the turrcts on the Pensacola
suggests that all round shielding is unncecssary, scattoring being small.

In B/KER the timec to half dosc is much longer, varying from
20 minutes at 1,500 yerds to scven minutes at 3,000 yards, Thus there
is ample timo for protective measures by ship personncl, but in this
casc, the radiation will be fairly isotropic, so that all-round
scrcening would be required.




FIG. la: CIRCUT DIAGRAM OF GAMMA RAY RECORDER
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Fig. 2.

Installation in after troop compartment in A.P.A. 70 (Carteret)
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